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ABSTRACT 
The increase in atmospheric carbon dioxide (C02) over the last century has led to an 
increased interest in soil C dynamics and sequestering C in soil. The focus of this study was 
to investigate C02 emissions and soil C changes with various N application rates in a com-
soybean rotation. The study consisted of seven sites across Iowa. Each experiment consisted 
of four selected N rates of 0, 90, 180, and 225 kg ha-1 replicated four times in a randomized 
complete block design in a com-soybean rotation. Soil samples were collected at 0-5, 5-10, 
10-15, 15-30 and 30-60 cm increments for soil organic carbon (SOC), total soil N (TN), 
particulate organic matter carbon (POMC), and associated mineral fraction C (MFC). Field 
soil C02 emissions from the same N rate treatments were measured during the growing 
season using a Li-Cor 6400 Infrared Gas Analyzer every seven to 10 days at the Boone, 
Floyd, and Warren sites in 2002, and Tama site in 2003. Soil laboratory incubation, 
microbial biomass, and N mineralization studies were conducted on the soils from Boone, 
Floyd, and Tama sites. Results indicated cumulative soil C02-C emissions varied in response 
to N fertilization. Higher N rate treatments had lower cumulative C02-C than the 0 kg ha-1 N 
rate treatment when N fertilizer was applied to the com crop. However, N fertilizer rates of 
90, 180, and 225 kg ha-1 N applied to com the previous year showed higher cumulative C02-
C emissions than the 0 kg ha-1 N rate treatment in the soybean season. In a laboratory soil 
incubation study, N fertilized soils emitted significantly less C02-C than the non-fertilized 
soils. Nitrogen fertilization significantly increased inorganic soil N concentration prior to a 
56-day laboratory incubation. After the 56-day incubation period, inorganic soil N 
concentration was significantly lower for the 0 kg ha-1 N rate treatments than the higher N 
rate treatments. Nitrogen fertilization did not have a significant effect on microbial biomass 
Xlll 
carbon (MBC). Results indicate N fertilization does not significantly affect soil SOC, 
POMC, or MFC at the 0-5, 5-10, and 15-30 cm depths. Nitrogen fertilization had variable 
effects on crop biomass production along with TC and TN potentially returned to the soil via 
biomass. Overall, after 2 years of N fertilizer application to com and one year of soybean 
with no N fertilizer application, no significant changes in soil SOC, POMC, and MFC were 
observed. 
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CHAPTER 1 
General Introduction 
Nitrogen status and cropping history have a direct impact on soil C status due to 
change in microbial activities and the tie between soil N and C. Soil C levels have important 
implications for organic N retention in soil and C fluxes. The integral tie between N 
management and C needs to be investigated to understand the impact of N management and 
N use, along with crop rotation on soil C and N dynamics. The maintenance of organic 
matter in the soil system can help prevent soil degradation. Soil, as an open system, can play 
an important role in regulating greenhouse emissions to the atmosphere. A current 
hypothesis is that soils can function as net sinks of atmospheric C02, and therefore reduce the 
amount of carbon dioxide (C02) released to the atmosphere (Lal et al., 1997). Soil organic C 
(SOC) generally decreases with cultivation and C lost from the soil transfers into 
atmospheric C02, a greenhouse gas. Since any changes in agricultural practices can 
influence the SOC storage in and greenhouse gases fluxes from soils, the net benefit due to 
changing agricultural practices needs to be considered. 
Nitrogen management and cropping system history have a direct impact on soil C 
pools. These C pools will be affected by microbial activity, which depends on N availability, 
N management, crop residue, soil moisture, soil temperature, and organic matter content. 
Nitrogen application rate is an important consideration for soil C sequestration and potential 
nitrate movement to water systems. If N use practices are not consistent with recommended 
N rates or C-enhancing practices, then studies such as this can help establish appropriate 
field-specific rates and C management practices. Limited research has been conducted on 
how nitrogen fertilization influences soil carbon dynamics over time (Raun et al., 1998). 
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However, soil C sequestration of atmospheric C02 can potentially be enhanced by nitrogen 
fertilization. Several studies have demonstrated that N fertilization has increased crop yields 
and plant biomass production, and therefore may lead to increased soil organic carbon (SOC) 
concentrations (Sainju et al., 2002; Blevins et al., 1983; Liang and MacKenzie, 1992; 
Gregorich et al., 1996 and Omay et al., 1997). Rasmussen and Rohde (1988) found a linear 
relationship between SOC and N fertilization, which is in conflict with results reported by 
Robinson et al. (1996), where SOC was not affected by N fertilization of corn (Zea mays L.). 
Nitrogen fertilization was found to improve soil carbon sequestration in spring barley 
(Hordeum vulgare L.)-corn rotation in a long-term study conducted by Halvorson et 
al.( 1999). Greater amounts of atmospheric C02 are utilized to meet the metabolic 
requirements of growing crops. Therefore, carbon containing assimilates are stored within 
the plant biomass. Blevins et al. (1983) reported that soil organic carbon increased 37% and 
12% in no-till (NT) and conventional tillage (CT), respectively after 10 years of continuous 
corn and an annual nitrogen (N) rate of 84 kg N ha- 1• Nitrogen rate of 400 kg N ha-1 yr- 1 
applied to soil in a continuous corn rotation had a SOC content of 18.3g kg- 1 compared to a 
SOC content of 17.4g kg- 1 from an applied N rate of 170 kg N ha-1 y( 1 treatment (Liang and 
McKenzie, 1992). Allmaras et al. (2004) reported gains in SOC when 200 kgN ha- 1 y(1 is 
applied annually in continuous corn when corn stover was returned to the soil. Soil organic C 
increased by 9% at the top 20-cm soil depth with N rate of 90 kg N ha-1 in a long-term study 
consisting of four years of corn followed by 4 years of cotton (Salinas-Garcia et al., 1996). 
Havlin et al.( 1990) reported that SOC at the 0 to30cm soil depth increased when an N rate of 
252 kg N ha- 1 was applied to continuous com. Sainju et at. (2002) found 4% greater SOC 
with N rates of 180 and 0 kg N ha-1 y( 1 than with an N rate of 90 kg N ha-1 y(1 in a study 
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looking at interactions of fertilization, tillage, and the use of hairy vetch as a cover crop in 
tomato and corn silage production. Soil organic matter (SOM) content increased at the 0 to 
14 cm depth in continuous wheat, where 64 kg N ha-1 of N fertilizer was applied (Miglierina 
et al., 2000). Potter et al. (1998) contest N fertilization has minimal effect on soil C 
sequestration in a continuous wheat, continuous sorghum (Sorghum bicolor L. Moench), 
wheat-sorghum-corn, and corn-cotton rotation alternating every 4 years. Huggins and Fuchs 
(1997) suggest SOC did not change over a 19-year study under different N rates for a 
continuous corn cropping system. However, Liang et al. (1998) reported an 8% increase in 
SOC when N was applied at 400 kg ha-1 compared to an N rate of 170 kg-1 ha- 1 in a 
continuous corn rotation. Liang et al. ( 1998) found SOC changes were not evident after 
seven years of continuous corn with differing N rates at research locations in Ontario and 
Quebec Canada. 
The impact of N fertilization on plant growth and root system development may 
influence soil microbial populations and their activities. Root system and microbial 
respiration are the source of C02 release. Field C02 emissions can easily be measured, but 
differentiating between root and microbial respiration is difficult. Soil C02 emission rates 
can vary due to soil type, crop, tillage, soil temperature, moisture and fertilization. However, 
according to Paul et al. ( 1999) soil moisture does not influence C02 emissions. Nitrogen 
fertilized soils have demonstrated lower soil C02 emissions in field and laboratory studies 
conducted by Kowalenko et al. (1978). The potential increase of SOC due to N fertilization 
may not play a role in determining microbial biomass carbon (Hargreaves et al., 2003). The 
increase in plant biomass from N fertilization should potentially provide substrate to support 
larger microbial populations. 
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The object of this study is to understand the short-term impacts of N management on 
soil organic C and N dynamics by determining the changes in soil C and N, field C02 
emission, and microbial biomass with different N rates in a com-soybean rotation. Carbon 
dioxide emissions can be used as an indicator of soil C change due to variable N applications, 
quality and quantity of plant residue, and N and C status changes due to N management. 
Thesis Organization 
This thesis is organized into 4 chapters, each addressing a specific aspect of the 
research project. All chapters are written using data generated from seven research locations 
located across Iowa: Boone, Floyd, Louisa, Plymouth, Pottawattamie, Tama, and Warren. 
Chapter one is a general introduction that outlines the relevance of this study. Chapter two 
evaluates the effects of nitrogen management on soil carbon dioxide emission in a com-
soybean rotation. Chapter three evaluates the effects nitrogen management on soil carbon 
dynamics in a com-soybean rotation. Chapter four summarizes and concludes the research 
project findings. This thesis has been written with the potential for chapters two and three to 
be published in refereed journals at a later time. 
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CHAPTER2 
Nitrogen Management Effects on Soil Carbon Dioxide Emission and Microbial Biomass 
Activities in a Corn-Soybean Rotation 
Introduction 
Increased levels of atmospheric carbon dioxide (C02) have prompted research 
assessing how industrial, agricultural and environmental practices contribute to these current 
levels. Soil is estimated to contain 1.4 x 1012 Mg of carbon in organic matter and surface 
litter (Schlesinger, 1991 ). Changes in soil C content directly affect atmospheric C02 
(Buyanovsky and Wagner, 1998). Agriculture contributes approximately 20% of all 
greenhouse gases emitted annually (IPPC, 1995). Therefore, agriculture land under certain 
cropping system practices can be a potential sink for atmospheric carbon dioxide. 
Sequestration of carbon will increase soil quality by increasing soil organic carbon content 
and overall soil tilth. 
However, in agriculture many factors affect soil carbon status, such as tillage system, 
crop rotation, N fertilization, etc. Soil C loss due to different management can be monitored 
and quantified by measuring C02 emission. However, the source of C02 in soil can be 
attributed to many sources within the soil system. Most soil carbon dioxide emissions are 
attributed to root and microbial respiration. Soil respiration involves organisms metabolizing 
substrates within the soil and producing C02 within the soil matrix (Anderson, 1982). 
Studies have shown that soil C02 is the product of microbial oxidation of organic matter and 
root respiration (Witkamp and Frank, 1969; Edwards et al., 1970; Fritz et al., 1978; Singh and 
Gupta, 1977; Hanson et al., 2000). The emission of C02 is the movement of C02 from soil to 
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the atmosphere that can be measured at the soil surface (Rolston, 1986). Field C02 emissions 
can easily be measured, but differentiating between root and microbial respiration is difficult. 
Soil C02 emission rates can vary due to soil type, crop, tillage, soil temperature, soil 
moisture, and fertilization. 
Soil microbial populations can be used as indicators of changes in soil ecology. 
Factors such as soil temperature, soil moisture, cropping system and available nitrogen can 
influence soil microbial activities. Soils fertilized with N have demonstrated lower soil C02 
emissions in field and laboratory studies conducted by Kowalenko et al. (1978). On the other 
hand, a study conducted by Willson et al. (2000), showed N fertilization had no influence on 
soil microbial biomass in various com-soybean systems. Soil microbial activity may 
increase due to N fertilization as a result of increased plant biomass production, which upon 
incorporation stimulates soil biological activity (Dick 1992). Fertilization of com crops may 
potentially provide excess N available to soil microbial biomass populations, therefore, 
increasing total microbial biomass (Lundegardh, 1927). However, it is documented that N 
fertilization reduces microbial biomass due to lowering soil pH (Katznelson et al., 1956; 
Smolander et al., 1994; and Ladd et al., 2002). 
Soil moisture can influence cropping system management and plant growth. 
However, according to Paul et al. ( 1999), soil moisture does not influence C02 emissions 
significantly. Bajracharya et al. (2000), reported soil C02 emissions were not well correlated 
with soil moisture content. It is not fully understood how soil moisture affects soil C02 
emissions. Higher soil moisture contents may inhibit C02 emissions from root and microbial 
respiration, but emissions rates may remain constant as C02 is forced out of the soil pores 
into the aboveground atmosphere. Moisture within the soil pores dictates the concentration 
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of oxygen in the soil environment, therefore, affecting microbial or root respiration. 
Therefore, soil moisture may not individually affect soil C02 emission significantly, but may 
contribute when coupled with soil temperature, residue, cropping system, and other soil-
atmosphere interactions. 
Soil temperature may affect processes involved in microbial and root respiration. A 
study by Rochette et al. ( 1999), indicated soil temperature effect on organic matter 
decomposition and microbial activity, which was more active early than late in the season, 
because of decreased substrate availability due to decomposition in com cropping system. 
Bajracharya et al. (2000), reported a positive correlation between C02 emissions and soil 
temperature. However, a study by Kowalenko et al. ( 1978), indicated that soil temperature is 
negatively correlated with C02 emissions. Soil temperature and moisture content are the 
most important environmental factors affecting microbial growth and activity in soils 
(Pietikainen et al., 2004). Therefore, soil temperature may be a key factor regarding elevated 
respiration rates by increasing metabolic activity of soil microorganisms and C02 diffusion 
through the soil atmosphere. 
Crop rotation is important in any agriculture system in regards to weed and disease 
pressures, microbial populations and overall soil tilth. Cropping systems with multiple crops 
in rotation tend to have higher microbial biomass compared to monoculture cropping systems 
(Moore et al., 1999). It is not well documented how crop rotations affect soil C02 emissions. 
Robinson et al. ( 1996), reported that crop rotations decrease the amount of soil C lost when 
compared to a monoculture com cropping system. If the amount of soil organic C lost is kept 
to a minimum, it can be assumed the amount of C released as C02 will also be minimal. The 
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objective of this study was to determine the effect of N fertilization on microbial biomass and 
soil C02 emission in a corn (Zea maize L.)-soybean (Glycine max L. Merr.) rotation. 
Materials and Methods 
Site Description 
This study was conducted in fields with a corn-soybean rotation with conservation 
tillage systems on six locations across Iowa from 2001 to 2003. The plot size for each 
treatment was 4.6 m long by 15.2 m wide and was located at an easily accessible area of a 
cooperator's field. The six locations represent six different soil associations across Iowa 
summarized in Table 1. Planting, tillage operations, and spraying were conducted by the 
farm operator and all other field measurements were carried out by the research team. 
Nitrogen treatments were applied by hand broadcasting dry ammonium nitrate (NH4N03) in 
each plot according to the N rate just after corn emergence in 2001 and 2003. The N rates 
used in this study were 0, 90, 180 and 225 kg ha-1• Nitrogen treatments were not applied 
prior to soybean planting in 2002. 
The study consisted of four replications with a randomized complete block design. 
Planting dates, plant populations, and tillage operations for the corn crop planted in 2001 and 
2003 along with planting dates and plant populations for soybeans in 2002 are summarized in 
Table 2. In 2003, the Boone site received one field cultivation trip for the top 5 cm with a 
field cultivator to incorporate pre-plant herbicide. The Warren site in 2003 was abandoned 
due to anhydrous-ammonia injection in the fall of 2002. In the spring of 2003, the farm 
operator at the Plymouth site applied diammonium phosphate (18-46-0) at a rate that 
calculated to 45 kg N ha- 1 being applied to all plots including the control plot. Therefore, the 
application of ammonium nitrate was adjusted to meet the amount of actual N required for 
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90, 180 and 225 kg ha- 1 N rates treatments. Experiment plots were not tilled throughout the 
duration of the study. 
Field Carbon Dioxide Emission Measurements 
Out of the six locations selected for this study, Boone, Floyd, Warren (2002) and 
Tama (2003) were chosen to monitor soil C02 field emission throughout the growing season. 
The Warren site was abandoned in 2003 due to anhydrous-ammonia injection in all plots by 
the farm operator in the fall of 2002, therefore, the Tama site was selected instead in the 2003 
growing season to monitor C02 emission. 
Five polyvinyl chloride (PVC) rings 10 cm in diameter and 5 cm in height were 
randomly placed and pressed 3 cm into the soil of each N rate of the four nitrogen treatments. 
The PVC rings were pressed into the soil shortly after crop emergence in 2002 and 2003. 
The five rings in each plot were kept in the same location throughout the growing season for 
the duration of C02 measurements. Carbon dioxide (C02) emission data were collected 
using a LI-COR 6400 (Ll-COR Inc. Lincoln, NE) infrared gas analyzer approximately every 
7-10 d at 10:00 a.m. in 2002 and 2003. The target atmospheric C02 concentration was 
determined prior to daily measurements by allowing the soil chamber to sit in an open area of 
the field where measurement were being taken and when the meter monitoring ambient C02 
concentration stabilized. When the flux chamber was placed on the PVC ring, the C02 
within the chamber was scrubbed out of the chamber and the soil was be allowed to respire. 
Prior to measuring C02 emissions, the ambient C02 was determined by laying the chamber 
down sideways near the PVC ring until the C02 reading stabilized. When the chamber was 
placed on the PVC ring, the C02 concentration in the chamber would scrub 10 µmol mor1 
below the ambient C02 concentration, then the machine started recording C02 concentration 
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every 2.5 seconds and continue until the C02 concentration in the chamber reached 10 
µmol/mol above the ambient C02 concentration. Daily C02 emission rates were measured in 
units of µmol m-2 s-1. The C02 readings from all five PVC rings in each plot were averaged 
to determine the C02 emissions rate for each N rate treatment plot. Soil temperature (°C) 
was measured at the top 5 cm of soil surface using the thermometer unit attached to the LI-
COR 6400 (LI-COR Inc. Lincoln, NE) and volumetric (cm3/cm3 ) soil moisture was 
measured at the top 5 cm of soil surface using a Trime (Mesa Corporation, Medfield, MA) 
time domain reflectometry (TDR) unit. Measurements of soil temperature and moisture were 
taken near the PVC ring at the same time C02 measurements were taken. Due to adverse 
weather conditions some reading intervals went beyond 7-10 d. Carbon dioxide emission 
readings stopped when harvest began in the fall of 2002. Carbon dioxide emission readings 
continued approximately one month after harvest in fall of 2003. Carbon dioxide emission 
data was downloaded into Excel spreadsheets from the Li-Cor 6400 using the WinFX 
program included in the Li-Cor software package. 
Carbon dioxide emission rates were converted from µmol m-2 s-1 to kg ha-1 d- 1• 
Cumulative COrC emissions throughout the growing season were determined by using the 
following relationship: 
n=last 
Cumulative COrC (kg ha-1) at any time=~ Xi+ Xi+ 1 * N + Xi+2 * N ... +Xi +n * N 
i=first 
Where: 
i = fist week of the growing season when first C02 rate was taken. 
n = Last week of the growing season when last C02 rate was taken. 
14 
N = Number of days between two consecutive C02 rate measurements. 
Soil Incubation for C02 measurements 
A soil incubation study for measuring C02 emission was conducted using soil 
collected from Boone, Tama, and Floyd sites. The procedure for this experiment was 
adapted from Zibiliske ( 1994 ). The laboratory incubation experiment design was a 
randomized complete block design with four replications for each N rate. Soil from each of 
the four N rates in each replication at the Boone, Floyd, and Tama County sites were 
collected in the last week of June in 2003. Soil samples were collected from the top 15 cm 
depth using a spade and put into a 3.75 L plastic freezer bag and kept in a cooler at 4°C at 
field moisture until the experiment was conducted. Soils were sieved through a 2-mm mesh 
screen and air-dried. Twenty grams of the air-dried, sieved soil were weighed into 20 ml 
borosilicate vials. Approximately seven grams of water were added to the 20 g of soil in the 
borosilicate vials to bring the soil to 60% water filled pore space. Soils were not pre-
incubated prior to conducting this procedure. Each vial with soil was placed into 0.9 L 
Mason large mouth jars along with a 10 ml scintillation vial containing 1.0 ml of 2 M NaOH 
that was dispensed using a standard glass pipette. Approximately 3-5 ml of water were 
added to the bottom of the Mason jar. The lids of the Mason jars were placed on top of the 
jar and twisted closed to completely seal the contents from the outside atmosphere. The 
Mason jars were then placed in an incubation room at 3Q° C. The scintillation vials 
containing 2 M NaOH within each jar were titrated 1, 3, 5, 7, 14, 21, 28, 35, 42, 49 and 56 
days after initial incubation. The procedure was stopped after 56 days when no significant 
change in C02 emission rates occurred during the previous two weeks. Titrations were 
performed by adding 2 ml of 1 M BaCl to each scintillation vial, and 2-3 drops of 
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phenolphthalein. The base solution was titrated with 1 N HCl until the solution changed from 
a hazy pink color to a hazy white color. The total amount of 1 N HCl used in titration was 
recorded and used to calculate COrC emissions. A new scintillation vials containing 2 M 
NaOH was placed in the Mason jar after each titration, the bottom of the jar was checked to 
assure adequate water was available, the lid was placed snugly on the jar, and the Mason jars 
were returned to the incubation room. Three controls (blanks) were set up by using empty 
Mason jars, without any soil and with one scintillation vial with 2 M NaOH. 
The amount of C02-C evolved during the soil incubation was estimated based on air 
dry soil weight.. The following relationship was used to determine C02-C evolved during 
soil incubation: 
C02-C (µg gsoi1-1) =(ml HCLBiank - ml HClsampie) * 20 gsoii-1 x 
(lmeq ml HCr1 x 6 mg C meq-1) * 1000 µg mg-1). 
Initial inorganic N was determined prior to conducting the incubation study. 
Approximately 10 g of air-dried soil were placed in 125 ml Nalgene bottle along with 50 ml 
of 2 M KCl. The Nalgene bottles were placed on an Eberbach shaker for 30 minutes. After 
the 30-minute shaking period, the soil solution was filtered though number 42 Whatman filter 
paper into 20 ml scintillation vials. At the end of the entire incubation procedure period, 
inorganic N mineralization was determined by removing the borosilicate vials that contained 
the soil from the Mason jar that had been placed in the jar at the beginning of the experiment 
and analyzed as stated above. The scintillation vials were capped and kept in a-4° C freezer 
until the samples could be analyzed with a Lachat QuickChem 8000 FIA+ (Lachat 
Instruments, Milwaukee, WI). 
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Microbial Biomass Measurements 
A soil microbial biomass study was conducted with soil samples collected in the last 
week of June in 2003 at the Boone, Tama, and Floyd sites. Soil samples from the top 15 cm 
depth were collected from each of the four N rates in each replication at all three sites when 
corn plants reached V6 stage. The procedure for this experiment was adapted from Vance et 
al. (1987) and Jenkinson and Powlson (1976). Soil samples were immediately prepared for 
fumigation and inorganic N extraction in order to minimize any changes to the microbial 
populations due to removal and transport from the field environment. Soils were removed 
from the cooler and sieved through an 8-mm screen and then a 4-mm screen. Two sets of 
100 ml beakers each containing 50 g of field moist soil were weighed. One set was 
fumigated to determine soluble organic C from the microbial biomass. The other set was not 
fumigated to determine soluble organic C present in the soil The non-fumigted soil was 
immediately extracted with 0.5M K2S04• The soil from each beaker was transferred to a 250 
ml Nalgene bottle along with 100 ml of 0.5 M K2S04. The Nalgene bottles were placed on 
an Eberbach shaker for 30 minutes. After 30 minutes, the soil solution in the Nalgene bottles 
was filtered through No. 42 Whatman filter paper into a 60 ml Nalgene bottle and capped. 
The samples were then placed in a -4 ° C freezer until analysis could be performed. Analysis 
for dissolved organic C was conducted by using a Shimadzu TOC-5050 (Rydalmere, New 
South Wales 216 Australia). The samples to be fumigated were placed in a Labconco 
vacuum desiccator cabinet (Kansas City, MO), along with two 50 ml beakers containing 
chloroform, 2-3 boiling beads and two moist paper towels were placed at the bottom of the 
cabinet. The vacuum desiccator cabinet was latched shut and suction supplied by a vacuum 
pump extracted air from inside the cabinet. Sufficient vacuum was noted when the 
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chloroform began to boil, suction was discontinued and the valve was closed. The soil 
samples remained in the cabinet over night (approximately 18 hours). The following day, the 
soil samples were removed from the desiccator cabinet and extracted and analyzed as 
described above. Soil moisture was determined by oven drying a 10 g sample of soil at 
104 °C for 24 hours. Soil MBC was estimated using the following relationship: 
Biomass (µg C g-1dry soil).= {[µgC mr 1 x (100 ml KzS04 50 g-'wei) x 
(gwet I g ctry]Fumigated - [µgC mr1 x (100 ml KzS04 50 g- 1we1) x 
(gwet / g dry]Non-Fumigated} / 0.33 
The number 0.33 used in the calculations is an efficiency of extraction factor. 
Statistical Analysis 
Statistical analyses of the data were conducted using the SAS (Statistical Analysis 
System) statistical package (SAS Institute, 2002). Analysis of variance for soil C02 
measurements in the lab and field were conducted by using the MIXED procedure for each 
measurement date. The GLM procedure was used to analyze N mineralization rate and 
microbial biomass with respect to field applied N rate. Data from each site were analyzed 
individually. The MIXED procedure was used to analyze soil moisture and temperature 
effects on C02 emissions. A probability level of P::::; 0.05 was used as the significance level. 
Results and Discussion 
Carbon Dioxide Emissions Rate as Affected by N Rate 
Average daily C02 emission rates for the 0 and 180 kg ha-1 N rate treatments 28 DAP 
were significantly different during the growing season of soybean crop in 2002, for Boone 
site (P::::; 0.0457) (Fig. 2. lA). Average daily C02 emission rates from the 0 kg ha- 1 N rate 
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treatment were significantly different from both the 90 and 180 kg ha- 1 N rates treatments (P 
= 0.0228, p = 0.0252) 48 days after planting in 2003 corn growing season (Fig 2.2A). At 125 
and 150 DAP average daily C02 emissions were significantly different between the 0 and 
180 kg ha- 1 N rate treatments (P = 0.0457 and P = 0.0044) in 2003. Average daily C02 
emission rate from 180 kg ha-1 N rate treatment was significantly different from those for the 
O and 90 kg ha- 1 N rates 180 DAP (P = 0.0033, P = 0.0477, respectively). 
Carbon dioxide emission rates for the Floyd site were significantly different 54 DAP 
for the residual N rates of 90 and 180 kg ha-1 N treatments in 2002, soybean crop (P = 
0.0212) (Fig 2.3A). Carbon dioxide emission rates at the Floyd site for the 0 and 90, 180, 
and 225 kg ha- 1 N rate treatments 99 DAP in 2003, during the corn growing season were 
significantly different (P = 0.0001, P = 0.0019, P = 0.0043), respectively (Fig. 2.4A). There 
were significant differences in C02 emissions rates between 0 kg ha-1 N rate treatment and 
180 and 225 kg ha-1 N rate treatments 154 DAP (P = 0.0034, P = 0.0147) (Fig 2.4A). 
Daily soil C02 emission rates in soybean field of the 0 kg ha- 1 N rate treatment at the 
Warren site were significant during all days of measurements. However, C02 emission was 
significantly different between the 90 and 225 kg ha-1 N rate treatments on the first DAP (P = 
0.0377 and P = 0.0036, respectively) (Fig 2.5A). Daily C02 emission rate of the 0 kg ha-1 N 
rate treatments was significantly different compared to C02 emission rate of the 225 kg N ha-
1 rate treatments 8 and 12 DAP (P = 0.0048 and P = 0.0060, respectively). At 18 DAP, daily 
C02 emissions were significantly different between 0 kg ha- 1 N rate and all other N rates 
treatments. Daily C02 emission rates 90 DAP of the 0 kg ha-1 N rate treatment was 
significantly higher than those of the 90, and 225 kg ha-1 N rate treatments (P = 0.0275 and P 
= 0.0057) and lower than the 180 kg ha-1 N rate treatment (P = 0.0035) (Fig. 2.5A). 
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Carbon dioxide emission rates for the Tama site were significantly different 75 and 
171 DAP in 2003 corn growing season (Fig 2.6A). Carbon dioxide emission rate from the 0 
kg ha·' N rate treatment was significantly higher than the C02 emission of the 90 and 180 kg 
ha·' N rate treatments 75 DAP (P = 0.0046 and P = 0.0192). Carbon dioxide emission rate of 
the 90 kg ha·1 N rate treatment was significantly lower compared to those of the 0 and 180 kg 
ha·1 N rates treatments 171 DAP (P = 0.0200 and P = 0.0267, respectively) (Fig 2.6A). 
Although N fertilizer was not applied to the soybean crop in 2002, it appears N 
fertilizer from corn year had a residual effect on soil C02 emissions rate. Higher N rates 
tended to have slightly higher C02 emission rates during the soybean growing season when 
compared to the 0 kg ha·1 N rate treatment. The residual N may interact with the microbial 
populations associated with the growth of soybean plants, hence increasing soil C02 
emission rates. One such factor may be soil pH affect on soil microbial populations. 
However, 2003 showed the 0 kg ha·' N rate treatment with a corn crop had higher C02 
emission rates when compared to higher N rates. Higher N fertilization rate may have 
suppressed microbial populations and overall microbial activity compared to the non-
fertilized treatments by lowering soil pH during the corn year. Research by de Jong et al 
( 197 4) supports this finding that N fertilization decreased soil respiration due to a change in 
soil pH. The potential for N fertilization to decrease soil pH could be attributed to the release 
of hydrogen ions into the soil solution during the nitrification process. However, the ability 
of the soil to buffer any changes in soil pH due to N fertilization may not directly affect soil 
microbial populations. 
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Cumulative C02 Emission as Affected by N Rate 
Cumulative soil C02-C emission in soybean crop showed that residual N from the 
180 kg ha-1 N rate treatment used the previous year for corn had a significantly lower 
cumulative C02-C emissions beginning 48 DAP and continued to 90 DAP at the Boone site 
when compared to 90 and 225 kg ha-1 N rates treatments in 2002 (P = 0.0349) (Fig 2. lB). 
Cumulative C02-C emissions from the 0 kg ha-1 N rate treatment was significantly greater 
125 DAP and continued to 185 days after planting at the Boone site when compared to other 
N rate treatments in 2003 corn growing season, (P = 0.0033 and P = 0.0477, respectively) 
(Fig 2.2B). 
Residual N from fertilizer applied in 2001 for the corn crop had no significant effect 
on cumulative soil C02-C emissions in a soybean crop at the Floyd site in 2002 (Fig. 2.3B). 
However, N fertilization to the corn crop in 2003 did not significantly impact cumulative soil 
C02-C emissions (Fig. 2.4B). 
Cumulative C02 emissions for the 0 kg ha-1 N rate treatment in soybean crop at the 
Warren site were significantly lower than cumulative C02 emissions from the 90 and 225 kg 
ha-1 N rate treatments during the entire season (P = 0.0377 and P = 0.0036, respectively) (Fig 
2.5B). However, N fertilization in 2003 growing season for corn at the Tama site shows that 
O kg ha-1 N rate treatment had significantly higher cumulative C02-C emissions compared to 
the 225 kg ha-1 N rate treatment 132 DAP and the 90 kg ha-1 N rate treatment 171 DAP (P = 
0.0200 and P = 0.0267, respectively) (Fig 2.6B). 
Nitrogen fertilization affects various soil parameters that influence soil C02-C 
emissions. Nitrogen fertilization increases crop biomass, but may decrease soil microbial 
biomass by lowering soil pH, therefore, the observed lower cumulative C02-C emissions in 
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higher N rates treatments in corn years are a combination of root and microbial respiration. 
With potentially less root biomass being produced in plots receiving no N fertilization 
treatments, C02 emissions may be primarily from the microbial biomass. Soil 
microorganisms decompose crop residue from previous years, soil organic matter, and 
metabolize plant root exudates which results in the C02 emissions observed in the 0 kg ha- 1 
N rate treatment. However, root respiration also is a key factor in contributing to soil C02 
emission Average daily C02 emission rates varied daily between N rate treatments. Green 
et al. ( 1995) concluded N fertilization had inhibiting and promoting effects on soil C02 
emissions. Carbon dioxide emission rate variations may be due to interaction of several 
parameters in the soil on a given day. Regardless if daily variation in C02-C emissions 
were different, the end of the season results showed no difference in C02-C emissions 
between all N rate treatments. The Boone (2002 and 2003), Warren, and Tama sites 
observed inconsistent differences in final cumulative C02 emissions between all N rate 
treatments. 
Soil Incubation and C02 Emission 
Boone daily C02-C emission rate was significantly lower 7 days after incubation 
DAI) for the 225 kg ha-1 N rate treatment compared to 0 and 180 kg ha-1 N rate treatments (P 
= 0.0497 and P = 0.0127, respectively) (Fig. 2.7 A). Twenty-one days after initial incubation, 
the 180 kg ha-1 N rate treatment had a significantly lower C02-C emission rate compared to 
the O and 90 kg ha-1 N rates treatments (P = 0.0137 and P = 0.0125, respectively). Soil from 
Boone site was incubated in the laboratory to monitor cumulative C02-C emission for a 
period of 56 days. Although significant differences were observed in daily C02-C emissions 
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on certain days, cumulative C02-C emissions were not significantly different between 
different N rate treatments (Fig 2.7B). 
Daily C02-C emission rates were significantly higher from the 180 kg ha- 1 N rate 
treatment than the 225 kg ha-1 N rate treatment 7 DAI at the Floyd site (P = 0.0494) (Fig. 
2.8A. Carbon dioxide emissions were also significantly lower for the 0 kg ha-1 N rate 
treatment compared to the 90 kg ha-1 N rate treatments 28 DAI (P = 0.0453). 
At the Floyd site, cumulative C02-C emissions during the laboratory soil incubation 
showed the 0 kg ha- 1 N rate treatment has higher C02-C emissions than the 225 kg ha-1 N rate 
treatments at 21, 28, 42, and 49 DAI (P = 0.0409, P = 0.0199, P = 0.0347, and P = 0.0414, 
respectively.) (Fig. 2.8B). However, total C02-C emissions 56 DAI were no significantly 
different for all N rate treatments (Fig. 2.8B). 
Daily C02-C emission rates were significantly higher for the 0 kg ha-1 N rate 
treatment 5, 14, 28, and 56 DAI compared to the 225 kg, ha-1 N rate treatment (P = 0.0342, P 
= 0.0049, P = 0.0240, and P = 0.0045, respectively) for the Tama site (Fig. 2.9A). 
Significantly higher C02 emission rates were observed from the 90 kg ha-1 N rate treatment 
compared to the 225 kg ha- 1 N rate treatment 14 DAI (P = 0.0381) (Fig 2.9A). However, C02 
emission rate 56 DAI was significantly greater from the 0 kg ha-1 N rate treatment compared 
to other N rate treatment (Fig. 2.9A). 
Cumulative C02-C emissions from Tama site soil were significantly higher for the 0 
kg ha-1 N rate treatments at the 14, 21, 28, 35, 42, 49, and 56 DAI compared to the 225 kg ha-
1 N rate treatments (P = 0.0158, P = 0.0238, P = 0.0100, P = 0.0133, P = 0.0071, P = 0.0075, 
P = 0.0046, respectively). On 42, 49, and 56 DAI cumulative C02-C emissions were 
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significantly higher from the 0 kg ha- 1 N rate treatment compared to the 180 kg ha- 1 N rate 
treatments (P = 0.0491, P = 0.0287, and P = 0.0182, respectively) (Fig 2.9B). 
Variation in soil C02 emission throughout the growing season could be attributed to 
effects that crop growth has on soil microbial populations. Climatic factors such as soil 
temperature, soil moisture, and soil fauna may also have a profound effect on overall soil 
respiration in the field. Performing C02 emissions studies in the laboratory allows for the 
control of overall soil temperature, moisture, plant factors, and variables not easily controlled 
in the field environment. By keeping a constant soil temperature and soil moisture 
throughout the laboratory incubation along with removing the interaction of plant roots have 
on the system, it may help determine how microbial respiration is affected by various rates of 
N fertilization. In general, when comparing cumulative C02-C emission from the laboratory 
to that from the field, the 0 kg ha- 1 N rate treatment emitted higher amounts of C02-C than 
the 225 kg ha-1 N rate treatment. However, C02-C emitted from field soil was variable across 
all N rate treatments. 
Laboratory soil incubation C02-C emissions show a distinct relationship between N 
rate and the amount of C02-C emitted. In addition, field COz-C emissions were similar to 
laboratory C02-C emissions with higher N rates resulted in lower COz-C emissions. 
Determining C02 emissions in the laboratory gave a clear picture to the relationship between 
N rate and C02 emission, because field variables that are not easily controlled were 
eliminated. A study by Kowalenko et al. (1978) stated that N fertilization decreased soil C02 
emissions due to reduced microbial activity. The results from the field study illustrate there 
are other interactions influencing C02 emissions other than N fertilization. Therefore, the 
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conclusion can be made that N fertilization impacts the amount of C02-C emitted but 
whether N fertilization affects microbial or root respiration is undetermined. 
Soil Microbial Biomass 
Soil microbial biomass C (MBC) estimations for the Boone site soil show no 
significant differences between all N rate treatments (Fig 2.1 OA). Microbial biomass C 
estimations for the Tama site soil were similar to those of the Boone site where no significant· 
differences were observed between all N rate treatments (Fig 2. IOB). Unlike the Boone and 
Tama sites, the Floyd site showed significant differences in soil MBC only between 90 and 
225 kg ha-1 N rate treatments (Fig 2. IOC). 
Overall MBC at the Floyd site was significantly greater than the MBC at the Boone 
and Tama sites, respectively at the 0 and 225 kg ha-1 N rate treatments (Fig. 2. IOD). Soil 
MBC did not differ between any of the three sites for the 90 kg ha-1 N rate treatment. Also, 
Floyd site MBC was significantly greater than MBC at the Boone site at the 180 kg ha-1 N 
rate treatment and no significant differences were observed between Boone and Tama sites 
MBC (Fig 2. IOD). 
The variability observed in these MBC is similar to what Hargreaves et al. (2003) 
found in a MBC study investigating the natural variation of soil MBC within the Broadbalk 
wheat experiment soil. According to McAndrew and Mahli (1992), N fertilization decreases 
soil pH, which may negatively alter the populations of active microbes. According to Moore 
et al. (2000) and Omay et al. ( 1997), N fertilization did not significantly affect MBC, such 
was the case at the Boone and Tama Sites. In contrast, Frazer et al. ( 1994) found N 
fertilization to increase MBC. This is true at the Floyd site since MBC was significantly 
higher for the 225 kg ha-1 N rate treatment when compared to the 90 kg ha-1 N rate treatment, 
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because of the long history of manure application at the Floyd site. Generally, many studies 
indicate that N fertilization tends to decrease MBC as opposed to increasing MBC. Since 
MBC was the same for both the Boone and Tama sites, N fertilization did not have a 
significant effect on MBC and therefore microbial biomass is unlikely to be the main factor 
behind the differences in cumulative C02-C emissions. However, the differences in MBC at 
the Floyd site between 90 and 225 kg ha-1 N did not appear to have an overall affect on 
cumulative C02-C emissions during the corn growing season in 2003. 
Soil Moisture and C02 Emission 
The relationship between field soil moisture and C02 emission rate is presented in 
(Fig. 2.1 lA) for all sites in 2002 and 2003. The relationship between C02 emission and 
moisture was nonlinear. However, the correlation between the two parameters showed a 
weak relationship with R2 = 0.11 (Fig. 2.11 A). The trend showed a peak soil C02 flux with 
increase in volumetric soil moisture content near 38%. The high variability in soil moisture 
contents of different sites contribute to the weak relationship between C02 emission and soil 
moisture content. The general trend indicates an increase in soil C02 emission when soil 
moisture increases. Paul et al. (1999) state soil moisture does not affects soil C02 emissions 
significantly, but seasonal temperatures have a greater effect on soil C02 emission. 
According to de Jong et al. (197 4) wetting and drying cycles throughout the growing season 
are the main force behind annual variation of soil C02 emissions. 
Soil Temperature and C02 Emission 
The relationship between C02 emission rate and field soil temperature for all sites in 
the 2002 and 2003 growing seasons is presented in (Fig. 2.1 lB). There was a nonlinear 
relationship between C02 emission rate and soil temperature. The quadratic relationship 
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shows soil temperature can explain 38% of the variability in soil C02 emission (R2=0.38) 
(Fig 2.1 lB). However, the peak of C02 emission rates occurred within the soil temperatures 
range of 20-30° C. Soil C02 emission rate during late October and November in 2003 show 
that the average C02 emission rate was 23.9 kg ha-1 d- 1 with a soil temperature range between 
0 and 16° Cat the 5 cm depth compared to average C02 emissions of 112 kg ha- 1 d- 1 at soil 
temperatures between 20-30 °C in 2002 and 2003. In a laboratory simulation to monitor C02 
emissions, de Jong et al. (1974) reported that temperatures over 15° Chad no significant 
affect on soil respiration. Franzluebbers et al. ( 1994) conclude variation in seasonal C02 
emissions is in part due to the effects of soil temperature in conjunction with soil 
temperature-water interactions. The relationship between soil temperature and C02 
emissions may be due to its affect on C02 gas movement through the soil pores and diffusion 
through soil water. Soil temperature may also affect C02 production from soil 
microorganisms and root respiration. Overall, soil temperature may not have a direct 
influence on soil C02 emissions, but it may influence various factors integral in soil C02 
production and emission. 
Initial Soil Inorganic Nitrogen Content 
Inorganic soil N (N03--N and NH/-N) was measured prior to and after conducting a 
56-day laboratory soil incubation of the three soils of different sites (Boone, Floyd, and 
Tama). In general, the initial amounts of inorganic soil N concentration at all three sites 
(Boone, Tama, and Floyd) of the 0 kg ha-' N rate treatment were significantly lower than 
those of highest N rate treatments (Fig 2.12A, 2.12B, and 2.12C). 
Initial soil inorganic Nat the Boone site showed the 225 kg ha-1 N rate treatment had 
the highest inorganic N concentration (Fig 2.12A). The nitrogen rate of 225 kg ha- 1 had 
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significantly greater inorganic N concentration compared to the 0 and 90 kg ha- 1 N rate 
treatments at the Boone site. Inorganic soil N concentration of the 0 kg ha- 1 N rate treatment 
was significantly less than those of the 90 and 180 kg ha-1 N rates treatments. 
The Tama site soils showed that the 225 kg ha-1 N rate treatment had the highest 
amount of initial inorganic N concentration and was significantly different compared to 0 and 
90 kg ha-1 N rate treatments (Fig. 2.12B). 
The Floyd site showed the same trend in inorganic soil N concentration as the other 
sites with 225 kg ha- 1 N rate treatment having the highest value compared to all other N rate 
treatments (Fig 2.12C). The inorganic N concentration of 180 and 225 kg ha-1 N rate 
treatment were significantly higher than those of the 0 and 90 kg ha- 1 N rate treatments (Fig. 
2.12C). 
Overall, the general trend of initial inorganic soil N concentration for all sites showed 
that the 0 kg ha-1 N rate treatment has the lowest N concentration and 225 kg ha- 1 treatment 
had the highest inorganic N concentration. The higher N concentrations can be attributed to 
N fertilizer application to the corn crop in the spring. 
Soil Organic N Mineralization 
Mineralized organic N was measured as inorganic soil N (N03--N and NH/-N) 
concentration after the completion of a 56-day soil incubation to determine C02-C 
emissions. Overall, inorganic soil N concentration after 56 days of soil incubation increased 
significantly when compared with the initial soil inorganic N concentration across all N 
fertilizer rates treatments. The Boone site soil showed that the 0 kg ha- 1 N rate treatment 
final inorganic N concentration was significantly lower than those of the other N rate 
28 
treatments (Fig 2.12A). The differences in final inorganic N concentrations of the soils with 
higher N rates were not significant. 
The potential of organic N mineralization and the build up of inorganic soil N 
concentration showed no significant differences for all soils with different N rates at the 
Tama site (Fig. 2.12B). 
Soil inorganic N concentration at the Floyd site showed the most difference among N 
rate treatments than all other sites (Fig. 2.12C). There was a significant difference in 
potential organic N mineralization only between the 0 and 180 kg ha-1 N rate treatments. 
Overall, inorganic soil N concentration increased significantly after the 56-day laboratory 
incubation of all soils with different N rates at all locations. 
After conducting a 56-day incubation study, soil inorganic N concenration of the 0 kg 
ha-1 N rate treatment was significantly different between the Boone, Tama, and Floyd sites 
(Fig. 2.12D). The Floyd site showed significantly greater inorganic soil N concentration than 
the other two sites (Boone and Tama) in the 90 kg ha-1 N rate treatment. The 180 kg ha-1 N 
rate treatment, post incubation inorganic soil N concentrations were significantly different 
between the Boone and Floyd site soils. However, no significant differences were observed 
in inorganic N concentrations of the 225 kg ha-1 N rate treatment of all sites (Fig. 2.12D). 
These results contrast the findings by Ma et al. (1999), that the increase in N 
fertilization rate up to 200 kg ha-1 decreases soil N mineralization throughout the growing 
season. The idea of N fertilization negatively affecting soil organic N mineralization was 
supported by work done by Carpenter-Boggs et al. (2000). They suggest decreased organic 
N mineralization may be due to N immobilization into microbial biomass, changes in residue 
decomposition activities, or reduction in a symbiotic N fixation. The higher inorganic N 
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rates have contributed greater amounts ofreadily available Nin the form of N03- or NH/ to 
the soil system, thus slowing down the soil microbial activities. The applied N is quickly 
used by the plant or microbial populations for metabolic processes. In this study all N rate 
treatments showed an increase in inorganic soil N after a 56-day soil incubation with a 
greater concentration at the lower N rate treatments. The increase in mineralized organic N 
content in the 0 kg ha- 1 N rate treatment may come from solely the mineralization of soil 
organic matter. 
Conclusions 
Average daily C02 emissions from soils previously fertilized with different N rates 
for corn production did not show a consistent pattern throughout the season in which 
soybeans were grown. The same inconsistent pattern was observed throughout the growing 
season when N fertilizer was applied to the corn crop. Factors including weather conditions, 
microbial population changes, and plant physiological changes may all contribute to soil C02 
emissions. Nitrogen fertilization may not always influence daily C02 emissions, but the 
small variations are evident in cumulative C02 emissions at the end of the season. 
Nitrogen fertilization from the previous corn year resulted in higher C02 emissions 
when high N rate at the Warren site. The only differences in C02 emissions at the Boone site 
were observed between the 90 kg ha-1 N rate treatment and both the 180 and 225 kg ha- 1 N 
rate treatment. Otherwise, no differences in C02 emissions were observed between all other 
N rates at the Floyd site. However, C02 emissions from all N rate treatments in corn year 
did not show significant differences. The only differences in C02 emission were observed at 
the Boone site where the 180 kg ha-1 N had lower C02 emissions compared to the 0 and 90 
kg ha- 1 N rate treatments. Likewise, the only differences in C02 emissions observed at the 
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Tama site was where the 0 kg ha- 1 N rate treatment had higher emissions than the 90 kg ha- 1 
N rate treatment. Cumulative soil C02 emissions in soybean for the residual N rate of 180 kg 
ha-1 N rate treatment were significantly lower compared to the 90 and 225 kg ha- 1 N rate at 
the Boone site. In contrast, cumulative soil C02 emissions in com season for the 180 kg ha- 1 
N rate were significantly lower than the 0 kg ha-1 and 90 kg ha- 1 N rate treatment at the 
Boone site. At the Warren site, the cumulative C02 emission for the 0 kg ha-1 N rate 
treatment was significantly lower than that for the 90, 180 and 225 kg ha-1 N rate treatments. 
No significant differences in cumulative C02 emissions were observed at the Floyd site (long 
history of manure use) in both soybean and com crops years between all N rates. This study 
showed that the residual N fertilization from a com crop does not consistently contribute to 
increases in C02-C emitted during the soybean growing season. 
When comparing cumulative laboratory C02 emissions, N rate treatments at the 
Boone site after the 56-day incubation period were not significantly different. The soil 
incubation of Floyd site (with manure history) show significant differences between the 0 
and 225 kg ha-' N rate treatments with cumulative C02-C emissions of 465 and 419 µg C g- 1 
of soil, respectively. Similarly, cumulative C02-C emissions from the Tama site were 
significantly different for the 0 and 225 kg ha-1 N rate treatment with 584 and 406 µg C g- 1 of 
soil, respectively. Nitrogen fertilization does not consistently reduce or increase C02 
emissions in a laboratory incubation. 
Soil moisture exhibited a nonlinear relationship with C02 emission and it appears to 
have a limited effect on soil C02 emission during the growing season. However, the peak of 
C02 emission was observed when soil moisture content was 38% on a volumetric basis. 
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Therefore, soil moisture effect on C02 emission as a single factor is limited due to the 
integral effects of other factors along with soil moisture. 
The relationship between C02 emission and soil temperature was a nonlinear. 
However, the peak of C02 emission rates occurred within the soil temperatures range of 20-
300 C. In contrast, when soil temperature exceeded that range (20-30° C) at the end of the 
growing season, a sharp decline in C02 emission rate was observed. Soil temperature as a 
single factor appears to explain only 38% of the C02 field emission variability. 
Microbial biomass carbon was significantly higher for the 90 kg ha-1 N rate treatment 
when compared to 0, 180, and 225 kg ha-1 N rate treatments at the Boone site. However, at 
the Tama site 0 kg ha-1 N rate treatment MBC was significantly higher than that of the 90, 
180 and 225 kg ha-1 N rate treatments, respectively. The site with long history of animal 
manure use (Floyd site) showed significantly greater MBC for 225 kg ha-1 N rate treatment 
(47%) than MBC of the 90 kg ha-1 N rate treatment. The variation of MBC at the Floyd site 
may be due to numerous applications of animal manure in previous years. 
Initial soil inorganic N concentration was significantly different between all N rates. 
At the Boone, Tama, and Floyd sites, the 0 kg ha-1 N rate treatment was significantly lower in 
inorganic N concentration than the 180 and the 225 kg ha-1 N rate treatments. After a 56-day 
soil incubation, the 0, 90, 180, and 225 kg ha-1 N rate treatments total soil inorganic N 
concentrations increased significantly when compared with the initial soil inorganic N 
concentrations for Boone, Tama, and Floyd sites. The differences in the rate of increase of 
inorganic N content between all sites reflect the site specific previous management practices 
and their impacts on soil inorganic N content 
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Findings of this research indicate that site-specific conditions and N management can 
have a variable impact on soil C02 emission, MBC, and soil organic N mineralization. 
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Table 2.1: Soil properties and classification for seven research sites across Iowa*. 
Location Soil Soil Soil Soil Bulk Density Soil classification 
association sen es pH (g cm-3) 
Boone CNW Clarion 6.0 1.4 Fine-loamy, 
mixed, 
superactive, mesic 
Typic Hapludolls 
Plymouth GPS Sac 6.4 1.3 Fine-silty, mixed, 
superactive, mesic 
Typic Hapludolls 
Primghar Fine-silty, mixed, 
superactive, mesic 
Aquic Hapludolls 
Floyd KFC Clyde 6.4 1.2 Fine-loamy, 
mixed mesic 
Typic Haplaquolls 
Pottawattamie M Marshall 7.0 1.5 Fine-silty, mixed, 
superactive, mesic 
Typic Hapludolls 
Louisa OMT Mahaska 6.1 1.3 Fine, smectitic, 
superactive, mesic 
Aquic Argiudolls 
Otley Fine, 
montmorillonitic, 
mesic Typic 
Argiudolls 
Tama CNW Tama 6.7 1.5 Fine-silty, mixed, 
mesic Typic 
Argiudolls 
Garwin Fine-silty, mixed, 
mesic typic 
Haplaquolls 
Warren Nevin 6.1 1.3 Fine-silty, mixed, 
mesic typic aquic 
Argiudolls 
* Soil pH and soil bulk density values were measured at the 0-15 cm soil depth. 
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Table 2.2: Planting dates, plant populations, and tillage operations of corn planted in 
2001 and 2003 and soybeans in 2002 at seven research sites. 
Site Corn Planting Corn Soybean Soybean Tillage 
Date Planting Planting Date Planting operations 
Population Population 
plants ha- 1 plants ha- 1 
Boone 30 April 2001 75,088 9 May 2002 450,034 Chisel 
26 April 2003 76,570 headlands 
only 
Plymouth 17 April 2001 79,040 20 May 2002 358,150 Row 
24 April 2003 76,570 cultivation 
Floyd 29 April 2001 74,100 28 April 2002 444,600 Minimal 
29 April 2003 83,980 tillage 
Pottawattamie 27 April 2001 74,100 9 May 2002 430,274 Spring 
27 April 2003 74,100 disk 
Louisa 28 April 2001 76,570 15 May 2002 308,750 Field 
23 April 2003 79,040 cultivation 
Tama 28 April 2001 77,805 14 May 2002 419,900 Field 
22 May 2003 73,359 cultivation 
Warren 28 April 2001 73,112 4 May 2002 370,500 No-till 
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Figure 2.1. Daily soil C02 emission rate (A) and cumulative soil C02-C emission 
(B) measured in the field in soybean with different N rate applied to the previous 
com crop at the Boone site in a com-soybean rotation during 2002. (*)indicates 
significant differences between treatments at P < 0.05. 
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Figure 2.2. Soil C02 emissions rate (A) and cumulative soil C02-C emission (B) 
measured in the field in corn with different soil applied N rates at the Boone site 
in a corn-soybean rotation during 2003. (*)indicates significant differences 
between treatments at P < 0.05. 
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Figure 2.3. Daily soil C02 emission rate (A) and cumulative soil C02-C emission 
(B) measured in the field in soybean with different N rate applied to the previous 
corn crop at the Floyd site in a corn-soybean rotation during 2002. (*) indicates 
significant differences between treatments at P < 0.05. 
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Figure 2.5. Daily soil C02 emission rate (A) and cumulative soil C02-C emission 
(B) measured in the field in soybean with different N rate applied to the previous 
corn crop at the Warren site in a corn-soybean rotation during 2002. (*) indicates 
significant differences between treatments at P < 0.05. 
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Figure 2.6. Soil C02 emission rate (A) and cumulative soil C02-C emission (B) 
measured in the field in corn with different soil applied N rates at the Tama site 
in a corn-soybean rotation during 2003. (*) indicates significant differences 
between treatments at P < 0.05. 
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Figure 2.7. Soil C02-C emission rate (A) and cumulative soil C02-C emission (B) 
measured during a laboratory soil incubation using field soil samples of different applied 
N rates collected from Boone site in a corn-soybean rotation in 2003. (*)indicates 
significant differences between treatments at P<0.05. 
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Figure 2.8. Soil C02-C emission rate (A) and cumulative soil C02-C emission (B) 
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CHAPTER3 
Nitrogen Management Effects on Soil Carbon Change in a Corn-Soybean Rotation 
Introduction 
Agricultural soils have potential to sequester atmospheric carbon and aid in offsetting 
current emission rates contributing to global warming. Balancing maximum crop production 
and minimizing carbon (C) losses from the system involves intensive management practices. 
It has been known through out the age of industrialized agriculture, fertilization increases 
crop production. Nitrogen (N) is a macronutrient that is often limiting to yield in agriculture 
production systems. Crop requirements for N vary depending on the production potential of 
the crop grown. Com crop use of N varies with hybrid and the availability of N in the soil. 
Over-application of N may lead to excess N build up in the soil resulting in losses due to 
leaching. However, the result of high N application may lead to high grain yields and higher 
residue biomass returned to the soil surface. The high N fertilization increases grain yields 
and biomass production, therefore, the SOC levels can be influenced by crop residue 
retention on the soil (Robinson et al., 1996). Changes in N management not only affect crop 
residue returned to the soil surface, but also can influence soil C by altering soil microbial 
activity. Nitrogen fertilizer can influence both the amount of residue returned to the soil and 
microbial activity. Numerous studies on N fertilization effect on soil carbon within various 
cropping systems have been conducted throughout the United States. 
Minimal work has been conducted regarding the corn-soybean cropping systems in 
Iowa. Nitrogen fertilization and no-tillage in a continuous corn cropping system showed an 
increase in SOC (Studdert and Echeverria, 2000; Liebig et al. 2002). Liang et al. ( 1998) and 
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Russell et al. (2005) found N fertilization increased SOC with a continuous corn cropping 
sequence in a conventional tillage system. 
Contrary to these findings, including soybean in the crop rotation decreased SOC 
(Omay et al., 1997; Studdert and Echeverria, 2000). Conclusions from these findings 
indicate that the type of crops grown influence SOC changes. According to Liang and 
MacKenzie (1992) high rates of N fertilizer increased soil C content by 18% in a six year, 
continuous corn cropping system. A 30-year study conducted by Gregorich et al. (1996) 
found soil in a continuous corn cropping system had greater amount of soil C compared to 
non-fertilized treatments. Robinson et al. ( 1996) conclude, regardless of the amount of N 
fertilizer applied, SOC levels increased as long as N fertilization occurred in a 75-year 
continuous corn study. Nitrogen fertilization and crop residue increased SOC and the rate of 
SOC change is related to the C input from crop residues in a wheat production system 
(Rasmussen and Parton, 1994; Rasmussen and Rhode, 1998). However, Halvorson et al. 
(2002) reported N fertilization increased wheat residue returned to the soil, but did not cause 
an overall change in SOC in a spring wheat-winter wheat-sunflower cropping system. In a 
no-till, com-cotton cropping system, Salinas-Garcia et al. (1997) reported that 90 kg ha-1 N 
rate treatment increased soil organic carbon concentrations. 
The amount of C contributed to the soil from the residue is dependent on factors 
integral to the decomposition process. Microbial biomass is the key component in the soil 
responsible for mineralization of organic matter from residue (Smolander et al., 1994). Ocio 
et al. (1991) reported microbial biomass is positively related to the amount of organic matter 
added to the soil over long periods of time in a wheat cropping system. Nitrogen 
fertilization, crop rotation and returning crop residue to the soil increases SOM content in a 
52 
wheat cropping system (Ladd et al., 1993). Decomposition of residue results in an initial 
release of C02 and the remaining residue C remains partially decomposed, converted to more 
stable forms, or incorporated into the soil microbial biomass (Green et al., 1995). Potthoff et 
al. (2004) reported the addition of N fertilizer to corn residue on the soil significantly 
increased residue decomposition in a laboratory trial. A study conducted by Willson et al. 
(2000), showed N fertilization had no influence on soil microbial biomass in various corn-
soybean systems. Soil microbial activity may increase due to N fertilization as a result of 
increased plant biomass production, which upon incorporation stimulates soil biological 
activity (Dick, 1992). Neff et al. (2002) concludes N fertilization had so significant effect on 
soil C concentrations in an alpine meadow ecosystem. However, N fertilization initiates 
decomposition of plant residue components inhabiting the soil for several year (Neff et al., 
2002). Changes in SOC occur slowly therefore, measuring changes on a short term is 
extremely difficult. However, Liang and MacKenzie ( 1992) reported that SOC increased 7% 
after 3 years of high N fertilization in a continuous corn study. They state that the increase in 
SOC may come from the increase in root biomass observed when high N fertilizer rates were 
applied. Particulate organic matter (POM) is a fraction of the soil organic C that can be used 
to reflect the influence management practices have on soil C pools (Cambardella and Elliot, 
1992). Immediate changes in soil carbon are noted in the labile fraction, which is more 
susceptible to changes as a result of altering management practices (Janzen et al., 1998). An 
N fertilization rate of 180 kg ha- 1 resulted in higher POM levels in the top level of soil in a 
continuous corn crop sequence (Liebig et al., 2002). Neff et al. (2002) reported significant 
changes in light-fraction of SOM when N fertilization occurred in a meadow ecosystem. 
Overall, to increase the amount of C retained, management practices need to increase the 
------------------ --
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amount of residue contributed to the system and/or reduce decomposition rates (Paustian et 
al., 2000). In a continuous wheat cropping system, SOC increased when N fertilizer was 
applied at rates greater than what was needed to achieve maximum yields (Raun et al., 1998). 
Janzen et al. (1998) conclude that management practices adopted to increase soil C 
concentrations affect the immediately labile fractions. Therefore, the C gained in the soil is 
more susceptible to be lost and not converted to more stable forms of soil carbon (Janzen et 
al., 1998). The objective of this research is to determine the effect of N fertilization on soil 
carbon changes in a corn-soybean rotation. 
Materials and Methods 
Site Description 
This field study was conducted in a corn (Zea maize)-soybean (Glycine max) rotation 
with conservation tillage systems on six locations across Iowa from 2001 to 2003. The plot 
size for each treatment was 4.6 m long by 15.2 m wide and was located at an easily 
accessible area of a cooperator's field. The six locations represent six different soil 
associations across Iowa summarized in Table 1. Planting, tillage, and spraying operations 
were conducted by the farm operators. All other field measurements were carried out by the 
research team. The study consisted of four replications with a randomized complete block 
design. Planting dates, plant populations, and tillage operations for the corn crop planted in 
2001 and 2003 along with planting dates and plant populations for soybeans in 2002 are 
summarized in Table 2. The plots were not tilled throughout the experiment period. In 2003, 
the Boone site received a field cultivation with a field cultivator to incorporate pre-plant 
herbicide in the top 5-cm surface soil. The Warren site in 2003 was abandoned due to 
anhydrous-ammonia injection in the fall of 2002. In the spring of 2003, the farm operator at 
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the Plymouth site applied diammonium phosphate (18-46-0) at a rate, which was equivalent 
to 45 kg N ha-1 being applied to all plots including the control plot. Therefore, the 
application of ammonium nitrate was adjusted to meet the amount of actual N required for 
90, 180 and 225 kg ha-1 N rates treatments. 
Soil Organic C and Total N Determination 
Before this study began in 2001, a composite soil sample of 10 to 12 soil cores were 
collected across each of the four replications and analyzed for soil organic carbon (SOC), soil 
total nitrogen (STN), associated mineral fraction carbon (MFC), and particulate organic 
matter carbon (POMC) at 0-5, 5-10, 10-15, 15-30, and 30-60-cm soil depth increments. 
Subsequent soil samples were taken in the spring of 2002 and 2003 and final samples were 
taken in the fall of 2003. A composite soil sample of 10 to 12 soil cores were randomly 
collected from each of the N rate treatment using a soil probe with a tip diameter of 1.9-cm. 
Soil samples were kept in brown, plastic lined soil bag and stored in a cooler at 4 °C until 
processed. Soil samples were kept at field moist conditions and then passed through a 2-mm 
sieve and allowed to air dry afterward. Soil POMC fractionation procedure (Cambardella 
and Elliot, 1992) was conducted to separate POMC associated with large stable soil 
aggregates (>53 um) from the MFC associated with soil micro-aggregates ( <53 µm) defined 
as silt plus clay associated C fraction. 
Soil bulk density samples were taken at the time of soil sampling for soil C 
determination every year as described by Culley ( 1993) and Blake et al. ( 1986). Bulk 
densities were taken for the following depths: 0-5, 5-10, 10-15, 15-30 and 30-60-cm depth 
increments. Five cores were taken across each of the four replications for each depth. Soil 
bulk density was used to convert SOC concentrations (g kg- 1) to mass per area (kg ha- 1). Soil 
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organic C, MFC, and POMC were determined by dry combustion with a LECO CHN 2000 
analyzer (LECO, St. Joseph, Ml). Soil pH was determined by using a 1: 1 (soil/water) 
extraction. If soil pH > 7 .1, soil samples were treated with 1 M HCL to remove inorganic C 
prior to dry combustion for organic C determination. 
The soil particulate organic matter fractionation procedure was conducted as follows: 
Ten grams of soil were placed in a mortar and pestle, ground, and then analyzed for SOC 
using the LECO analyzer (LECO Corporation, St. Joseph, Ml). Ten grams of soil were 
weighed out and placed in 50-ml plastic vial. Thirty ml of sodium-metaphosphate was added 
to each of the 50-ml plastic vials. The vials were allowed to shake over night (-18 hours) on 
a Eberbach shaker. The solution was passed through a nest of sieves consisting of a 500-µm 
mesh screen on top of a 53-µm mesh screen, and any materials passing through the 53-µm 
sieve were collected in a plastic pan placed at the bottom of the 53-µm sieve. The soil 
particles remaining on the 500-µm sieve were placed in a pre-weighed 50-ml beaker and 
dried at 50° C for two days. The soil particles remaining on the 53-µm sieve were placed in a 
pre-weighed 50-ml beaker and dried at 50°C for two days. The remaining soil particles and 
solution that were collected in the plastic pan were transferred to a pre-weighed l .4L plastic 
container and dried in an oven at 70°C for 24 hours. After the soil particles of 500-µm and 
53 um sieves dried, they were weighed and transferred to coin envelopes and placed into 
storage box. When the soil solution in the plastic containers dried, the soils were weighed 
and the contents were physically broken down into small pieces capable of fitting into a 20-
ml glass jar. Five stainless steel rods 5 cm in length were placed in each of the jars. The jars 
were capped and sealed with electrical tape. The jars were then placed on a roller over night 
(-18 hours). The contents of the jars were then placed in a coin envelope until SOC analysis 
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using the LECO could be performed. The following relationships were used to determine 
POMC µg g-1: 
SOC µg g- 1soil =[SOC 10 g ki1 x kg 10-3 g-1 x 106 ug g-1] 
MFC µg g-1 soil= [(MFC (10 g kg-1x kg 10-3 g-1 x 106 ug g-1] 
POM µg g-1soil =(SOC µg g-1 soil) - (MFC µg g-1 soil) 
Crop Residue Total C and N Determination 
In the Fall of 2001, com crop residue was collected from each N rate treatment 
immediately after harvest. A one-m-2 square was randomly placed in each plot three times 
and all above ground crop residue was collected and placed into mesh bags. In the Fall of 
2002, soybean plants at physiological maturity were collected from three adjacent 1-m rows 
and placed in mesh bags. Soybean plant leaves that senesced and fell to the ground prior to 
harvest within the three row sampling area were also collected, by placing plastic covers on 
the soil surface early in the season and collect falling leaves periodically. The plants were 
threshed using an ALMACO (Nevada, IA) thresher and the seeds were collected to determine 
yield and the residue was collected and placed in mesh bags to be used for biomass total C 
(TC) and biomass total N (TN) determination. In the Fall of 2003, three com plants were 
randomly collected from two 7.6-m rows used to determine plant population and harvest 
yield. The collected corn plant were clipped at the soil surface and placed into mesh bags. 
During all years the mesh bags containing the crop residue were, weighed, place in a dryer at 
64 °C, weighed and ground using a grinder with a 2-mm sieve (Wiley Mill, Model 2 
Pulverized Carbon Steel, Arthur H. Thomas Co., Philadelphia, PA). The average mass of the 
three com plants collected in the Fall of 2003 was multiplied by the plant populations 
measured at harvest in order to determine com residue yield for each of the N fertilizer 
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treatments. Biomass TC and TN of crop residue were determined by dry combustion using a 
LECO CHN 200 analyzer (LECO, St. Joseph, MI). 
Statistical Analysis 
Statistical analysis of the data were conducted by using the SAS statistical package 
(SAS Institute, 2002). Values for SOC, STN, MFC, and POMC for all treatments and soil 
depth increments were analyzed as individual data sets. The analysis of variance for SOC, 
STN, MFC, and POMC was conducted using the MIXED procedure and treating N 
fertilization as randomized factor and soil depths as a nonrandomized factor. Soil depths 
were treated as repeated measures since they were always arranged in order from top to 
bottom. The MIXED procedure was used in analysis of annual return of crop biomass C and 
N. The probability level P:::; 0.05 was designated as significant. 
Boone Site: 
Results and Discussion 
Biomass Total C and N Inputs 
Com and soybean biomass production, TC concentration, TN concentration, TC 
input, and TN input at the Boone site revealed no significant differences between N rate 
treatments in 2001, 2002, and 2003 (Table 3.3). The carbon:nitrogen (C:N) ratio of the 
biomass was significantly higher for the 0 kg ha-1 N rates treatment than all other N rate 
treatments (Table 3.3). However, the C:N of the com residue in 2003 and the soybean 
residue in 2002 was not significantly different between N rate treatments. 
Floyd Site: 
Total com biomass production TC concentration, TN concentration, TC input, and 
TN input were not significantly different among all N rates in 2001 (Table 3.4). The C:N 
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ratio of corn biomass for the 180 kg ha-1 N rate treatment was significantly lower than those 
of the other three N rate treatments (Table 3.4). The C:N for the 180 kg ha-1 N rate treatment 
was 21 % lower than that for the 0 kg ha-1 N rate. However, corn biomass production was 
significantly lower for the 90 kg ha-IN rate compared to the 180 and 225 kg ha-IN rate 
treatments in 2003. Total C concentration, TN concentration, TC input, and C:N of the corn 
biomass were not significantly different for all N rate treatments in 2003. Total N input from· 
the corn biomass was significantly higher for the 0 kg ha-IN rate treatment than the 180 and 
225 kg ha-1 N rate treatments. Application of N in 2001 for corn production had no residual 
effect on soybean biomass production, TN concentration, TC input, TN input, and C:N. 
However, soybean biomass TC concentration of the 0 kg ha-1 N rate treatment was 
significantly higher than the 180 kg ha-IN rate treatment. 
Louisa Site: 
Corn biomass production was significantly lower in the 0 kg ha-IN rate treatment 
than the corn biomass from the 180 kg ha-1 N rate treatment in 2001 (Table 3.5). Total 
carbon concentration was significantly lower for the 0 kg ha-IN rate treatment compared to 
those of the 90, 180 and 224 kg ha- 1 N rate treatments. Total N concentration in the 0 kg ha-I 
N rate treatment was significantly lower than the TN concentration from the 225 kg ha-1 N 
rate treatment. However, TC input and TN input from com biomass from the 0 kg ha-1 was 
significantly lower than the TC input and TN input from the 180 and 225 kg ha-1 N rate 
treatments. The C:N ratio of corn in the 180 kg ha-1 N rate treatment was significantly lower 
than the 0 and 90 kg ha-1 N rate treatments (Table 3.5). Corn biomass production, TC 
concentration, TN concentratin, TC input, TN input, and C:N were not significantly different 
between all N rate treatments in 2003. Soybean biomass production from the 0 kg ha-1 N rate 
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treatment was significantly higher than the biomass production of the 0 and 90 kg ha- 1 
treatments. Compared to other sites, soybean biomass is considerably lower at this site, 
because it was collected after machine harvest rather than collecting plants at physiological 
maturity. Soybean biomass TC concentration, TN concentrations, TC input, TN input, and 
C:N were not significantly different for all N rate treatments. 
Plymouth Site: 
Corn biomass production in the 0 kg ha-I N rate treatment was significantly lower 
than the biomass production of the 90 and 225 kg ha-I N rate treatments in 2001 (Table 3.6). 
Total carbon concentration of the corn biomass from the 0 kg ha-1 N rate treatment was 
significantly lower compared to the TC concentration of the 225 kg ha-IN rate treatments. 
Corn biomass TN concentration for the 0 kg ha-I N rate treatment was significantly lower 
than all other N rate treatments. Corn biomass TC input and TN input from the 0 kg ha-' N 
rate treatment were significantly lower than the TC input and TN input of the 90 and 225 kg 
ha-I N rate treatments. The biomass C:N ratio was significantly higher for the 0 kg ha-IN 
rate than those for other N rate treatments (Table 3.6). Corn biomass, TC concentration, TC 
input, and TN input were not significantly different between all N rate treatments in 2003. 
The corn biomass C:N ratio of the 90 kg ha-IN rate treatment was significantly lower than 
that of the 180 kg ha-IN rate treatment in 2003. Soybean biomass production, TC 
concentration, TN concentration, TC input, TN input, and C:N were not significantly 
different for all N rate treatments in 2002. 
Pottwattamie Site: 
In 2001 corn biomass production, TC concentration, TC input, TN input, and C:N 
were not significantly different among all N rate treatments (Table 3.7). However, TN 
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concentration of the corn biomass was significantly lower for the 0 kg ha-' N rate treatment 
than for the 180 and 225 kg ha- 1 N rate treatments in 2001. Similarly, corn biomass 
production, TN concentation, TC input, and C:N TN input were not significantly different 
between all N rate treatments in 2003. Corn biomass TC concentration of the 180 kg ha- 1 N 
rate treatment was significantly higher than the TC input of the 225 kg ha-1 N rate treatment. 
Nitrogen application from year 2001 for corn production had no effect on soybean biomass 
production, TC concentration, and TC input in year 2002. Soybean TN concentration of the 
180 kg ha-1 N rate treatment was significantly higher than the TN concentration of the 0 and 
225 kg ha-1 N rate treatments. Soybean TN input from the 180 kg ha-1 N rate treatment was 
significantly higher than the TN input of the 0 kg ha-' N rate treatment. The soybean biomass 
C:N ratio of the 180 kg ha-1 N rate treatment was significantly lower than the C:N ratios of 
the 0 and 225 kg ha-' N rate treatments (Table 3.7). 
Tama Site: 
In all years corn and soybean biomass production, TC concentration, TN 
concentration, TC input, and TN input were not significantly different for all N rate 
treatments (Table 3.8). The biomass C:N ratio of the 0 kg ha- 1 N rate treatment was 
significantly higher than those of the other N rate treatments (Table 3.8). However, in 2002 
and 2003, the C:N of the soybean and corn biomass were not significantly different for all N 
rate treatments. 
Nitrogen Fertilization Effect on SOC and TN 
Changes in soil organic C (SOC) and soil total N (STN) over two years of N 
fertilization to com and one year of soybeans were not significantly different across all N rate 
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treatments when compared to the initial SOC content at all sites (Fig. 3.1, 3.2, and 3.3). 
Similarly, changes in associated MFC and POMC were not significantly different across all 
N rate treatments when compared to the initial associated MFC and POMC contents at all 
sites (Fig. 3.1, 3.2, and 3.3). 
The initial SOC, associated MFC, and POMC contents of the 0-5, 5-10, and 10-15 cm 
along with their averages were not significantly different in 2001 (Tables 3.9 to 3.14). 
Similarly, after two years of different N rate treatments applied to corn resulted in no 
significant differences in SOC, associated MFC, and POMC contents, respectively of the soil 
depths 0-5, 5-10, and 10-15 cm, and their averages in the spring of 2002, spring of 2003, and 
fall of 2003, respectively. 
Soil organic C, STN, and C:N ratios for depths 0-5, 5-110, 10-15, 15-30, and 30-60 
cm soil depths are summarized in Tables 3.15 to 3.20. The SOC, STN, and C:N ratios for all 
depths and N rates treatments were not significantly different within each year. 
Overall, after two years of N fertilization to corn and one year of soybeans, no 
significant changes in SOC and STN contents were observed for all soil depths. This finding 
is in agreement with most findings reported in the literature regarding the short-term effect of 
N fertilization on SOC change. 
Conclusions 
Biomass response to N fertilization was not consistent between all N rates within 
each year. The differences in biomass response to different N fertilizer rates were highly 
related to site specific conditions. At the Floyd site, which has long history of manure use 
prior to the experiment establishment, the 90 kg ha-1 N rate treatment had significantly lower 
corn biomass production in 2003 than 0 kg ha- 1 N rate treatment. In contrast, corn biomass 
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was 31 % and 32% higher for the 180 and 225 kg ha-1 N rate treatments compared to the 90 
kg ha-1 N rate treatment. However, N fertilization did significantly affect com biomass 
production at the Louisa site in 2001, where com biomass was 31 % lower for the 0 kg ha-1 N 
rate treatment than that of the 180 kg ha-1 N rate treatment. Soybean biomass responded 
differently to the residual N from previous com fertilization, when the 0 kg ha- 1 N rate 
treatment had 40% higher production than that for the 90 kg ha-1 N rate treatment. At other 
sites the com biomass of the 0 kg ha-1 N rate treatment was 22% lower than that of the 90 kg 
ha-1 N rate treatment. Generally, N fertilization above 90 kg ha-1 had improved biomass 
production in all sites. 
Total C input from crop biomass was also showed variability across all N rates at all 
locations. Generally, most sites biomass TC input was reduced by 21-33% with the 0 kg ha-1 
N rate treatment compared to high N rate treatments 90, 180 and 225 kg ha-1 N rate 
treatments. However, like biomass TC input, high N rate treatments increased TN input by 
22-44% compared to lower N rate treatments (0 and 90 kg ha-1). In some locations, TN input 
from com biomass was 50% greater for the 180 and 225 kg ha-1 N rate treatments compared 
to the O kg ha-1 N rate treatment. However, the residual N fertilization had a similar effect on 
TN input form soybean biomass, where biomass TN input from the high N rate treatments 
was 50% greater than that for 0 kg ha-1 N rate treatment. 
The average C:N ratio for the com biomass 61, 55, and 48 for the 0, 90, and 180 kg 
ha-1 N rate. The com biomass C:N ratios tended to decrease for the high N rate treatments. 
Generally, C:N ratio for com biomass in all sites ranged between 46 and 57 for the N rate 
treatments of 180 and 225 kg ha-1 compared to 62 and 75 for the low N rate treatments. 
Similar trend was observed for the soybean biomass C:N ratio, where it was significantly 
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lower for the 180 kg ha-1 N rate treatment (22) compared to the 0, 90, and 225 kg ha- 1 N rates 
(37, 29, and 36, respectively). 
Changes in SOC, STN, POMC, and associated MFC were variable across all N rate 
treatments were not significantly different. The three-year study showed that N fertilization 
had no significant effect in changing SOC, STN, POMC, and associated MFC. The results 
showed that N fertilization has more effect on biomass production, but has minimum effect 
on SOC and STN in the short term. 
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Table 3.1. Soil properties and classification for seven research sites across Iowa*. 
Location Soil Soil Soil Soil Bulk Soil classification 
association sen es pH Density (g cm-3) 
Boone CNW Clarion 6.0 1.4 Fine-loamy, mixed, 
superactive, mesic 
Typic Hapludolls 
Plymouth GPS Sac 6.4 1.3 Fine-silty, mixed, 
superactive, mesic 
Typic Hapludolls 
Primghar Fine-silty, mixed, 
superactive, mesic 
Aquic Hapludolls 
Floyd KFC Clyde 6.4 1.2 Fine-loamy, mixed 
mesic Typic 
Haplaquolls 
Pottawattamie M Marshall 7.0 1.5 Fine-silty, mixed, 
superactive, mesic 
Typic Hapludolls 
Louisa OMT Mahaska 6.1 1.3 Fine, smectitic, 
superactive, mesic 
Aquic Argiudolls 
Otley Fine, 
montmorillonitic, 
mesic Typic 
Argiudolls 
Tama CNW Tama 6.7 1.5 Fine-silty, mixed, 
mesic Typic 
Argiudolls 
Garwin Fine-silty, mixed, 
mesic typic 
Haplaquolls 
Warren Nevin 6.1 1.3 Fine-silty, mixed, 
mesic typic aquic 
Argiudolls 
* Soil pH and soil bulk density values were measured at the 0-15 cm soil depth 
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Table 3.2. Planting date, plant population, and tillage operation of corn planted in 
2001 and 2003 and soybeans in 2002 at seven research sites. 
Site Corn Planting Corn Soybean Soybean Tillage 
Date Planting Planting Date Planting operations 
Population Population 
plants ha- 1 plants ha-1 
Boone 30 April 2001 75,088 9 May 2002 450,034 Chisel 
26 April 2003 76,570 headlands 
only 
Plymouth 17 April 2001 79,040 20 May 2002 358,150 Row 
24 April 2003 76,570 cultivation 
Floyd 29 April 2001 74,100 28 April 2002 444,600 Minimal 
29 April 2003 83,980 tillage 
Pottawattamie 27 April 2001 74,100 9 May 2002 430,274 Spring disk 
27 April 2003 74,100 
Louisa 28 April 2001 76,570 15 May 2002 308750 Field 
23 April 2003 79,040 cultivation 
Tama 28 April 2001 77,805 14 May2002 419,900 Field 
22 May 2003 73,359 cultivation 
Warren 28 April 2001 73,112 4 May 2002 370,500 No-till 
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Fig 3.1 Initial-2001 and Fall 2003 soil organic C (SOC), associated mineral fraction 
carbon (MFC), particulate organic matter (POMC), soil total N (STN) of different N 
rate treatments at the (A) Boone and (B) Floyd sites. Treatments with the same letter 
are not significantly different at the P :S 0.05. 
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carbon (MFC), particulate organic matter (POMC), soil total nitrogen (STN) of 
different N rate treatments at the (A) Louisa and (B) Plymouth sites. Treatments 
with the same letter are not significantly different at the P :S 0.05. 
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Fig 3.3 Initial-2001 and Fall 2003 soil organic C (SOC), associated mineral fraction 
carbon (MFC), particulate organic matter (POMC), soil total nitrogen (STN) of 
different N rate treatments at the (A) Pottwattamie and (B) Tama sites. Treatments 
with the same letter are not significantly different at the P :S 0.05. 
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CHAPTER4 
General Conclusions 
Average daily C02 emissions from soils previously fertilized with different N rates 
for com production did not show a consistent pattern throughout the growing season in which 
soybeans were grown. The same inconsistent pattern was observed throughout the growing 
season when N fertilizer was applied to the com crop. Nitrogen fertilization may not always 
have significant influences on daily C02 emissions, but the small variations are evident in 
cumulative C02 emissions at the end of the growing season. 
The high N rate applied to the prior year resulted in higher C02 emissions in soybean 
year. However, C02 emissions from N applied treatments in the com year showed that 0 kg 
ha-1 N rate treatment had higher cumulative emissions compared to higher N rates. At all 
sites, cumulative C02 emissions for the residual N rate of 180 kg ha-1 N rate treatment in 
soybean crop were significantly lower by 12% and 16% compared to the 90 and 225 kg ha-1 
N rate, while cumulative C02 emissions in com season for the 180 kg ha-1 N rate were 20% 
and 14% less than that for the 0 and 90 kg ha-1 N rate treatments, respectively. Seasonal 
cumulative COrC emission across all N rate treatments was 3.75-3.93 Mg ha-1• The findings 
of this study showed that the residual N fertilization from com year increases the amount of 
C02-C emitted throughout the soybean growing season than during com growing season. 
Soil incubation showed that C02-C emission for lower N rate treatment (0 kg ha-1) 
was greater (525 µg C g-1) than that (412 µg C g-1) of the higher N rate treatment 
(225 kg ha-1) across all sites. However, sites with no manure history showed lower C02-C 
emission (377.3 to 405.6 µg C g-1) compared to those with frequent manure use prior to this 
91 
study (464.6 to 584.2 µ,g C g-1) for the 0 kg ha-1 N rate treatments or those of high N rate 
treatments (405.6 to 419.4 µ,g C g-1). 
Soil moisture exhibited a nonlinear relationship with C02 emission and it appears to 
have a limited effect on soil C02 emission during the growing season. However, the peak of 
C02 emission was observed when soil moisture content was 38% on a volumetric basis. 
Therefore, soil moisture effect on C02 emission as a single factor is limited due to the 
integral effects of other factors along with soil moisture. 
The relationship between C02 emission and soil temperature was nonlinear. 
However, the peak of C02 emission rates occurred within the soil temperatures range of 20-
300 C. In contrast, when soil temperature exceeded that range (20-30°C) at the end of the 
growing season, a sharp decline in C02 emission rate was observed. Soil temperature as a 
single factor appears to explain only 38% of the C02 field emission variability. 
Microbial biomass carbon was the highest (7-10%) for the 0 and 90 kg ha-1 N rate 
treatments compared to other high N rate treatments at most sites. The site with long history 
of animal manure use (Floyd site) showed significantly greater MBC for 225 kg ha-1 N rate 
treatment (46.5%) than MBC of the 90 kg ha-1 N rate treatment. 
Initial soil inorganic N concentration was significantly different between all N rate 
treatments prior to conducting 56 days soil incubation. Across all sites, the 0 kg ha-1 N rate 
treatment was on average 61 % lower in inorganic N content than the 180 kg ha-1 N rate 
treatment and 71.2% lower than the 225 kg ha-1 N rate treatment. After 56 days of soil 
incubation, the 0, 90, 180, and 225 kg ha-1 N rate treatments total soil inorganic N 
concentrations increased on average across all sites by 92.3%, 88.0%, 85.7%, and 79.7%, 
respectively compared with the initial soil inorganic N concentrations. The differences in the 
92 
rate of increase of inorganic N concentration between all sites reflect the site specific 
previous management practices and their impacts on soil inorganic N concentration. Findings 
of this research indicate that site-specific conditions and N management can have a 
significant impact on soil C02 emission, MBC, and soil organic N mineralization. 
Crop biomass response to N fertilization was not consistent between all N rates 
within each year. The differences in biomass response to different N fertilizer rates were 
highly related to site specific conditions. At the Floyd site, which has long history of manure 
use prior to the experiment establishment, the 90 kg ha-1 N rate treatment had significantly 
lower com biomass production in 2003 than 0 kg ha-1 N rate treatment. In contrast, com 
biomass was 31 % and 32% higher for the 180 and 225 kg ha-1 N rate treatments compared to 
the 90 kg ha-1 N rate treatment. However, N fertilization did significantly affect com 
biomass production at the Louisa site in 2001, where com biomass was 31 % lower for the 0 
kg ha-1 N rate treatment than that for the 180 kg ha-1 N rate treatment. In contrast, soybean 
biomass responded differently to the residual N from previous com fertilization, where the 0 
kg ha-1 N rate treatment had 40% higher production than that for the 90 kg ha-1 N rate 
treatment. At other sites the com biomass produced in the 0 kg ha-1 N rate treatment was 
22% lower than the com biomass produced in the 90 kg ha-1 N rate treatment. Generally, N 
fertilization above 90 kg ha-1 had improved biomass production in all sites. 
Total C input from crop biomass was also showed variability across all N rates at all 
locations. Generally, in most sites biomass TC input was reduced by 21-33% with the 0 kg 
ha-1 N rate treatment compared to high N rate treatments 90, 180, and 225 kg ha-1 N rate 
treatments. Similarly, total N input from crop biomass was variable for all N rate treatments 
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at all locations. The TN concentration of the soybean residue was not significantly different 
between all N rate treatments. 
The average C:N ratio for the com biomass 61, 55, and 48 for the 0, 90, and 180 kg 
ha-1 N rate treatments, respectively. The com biomass C:N ratios tended to decrease for the 
high N rate treatments. Generally, C:N ratio for com biomass in all sites ranged between 46 
and 57 for the N rate treatments of 180 and 225 kg ha-1 compared to 62 and 75 for the low N 
rate treatments. Similar trend was observed for the soybean biomass C:N ratio, where it was 
significantly lower for the 180 kg ha-1 N rate treatment (22) compared to the 0, 90, and 225 
kg ha-1 N rates (37, 29, and 36, respectively). 
Changes in STN, TC, POMC, and associated MFC across all N rate treatments within 
each year at each site were not significantly different. The three-year study showed that N 
fertilization had no significant effect in changing SOC, TN, POMC, and associated MFC. 
The results showed that N fertilization has more effect on biomass production, and ultimately 
more TC and TN input in the longer term, but it has minimum effect in the short term. 
